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File No. 1-0046 

NATIONAL TRANSPORTATION SAFETY BOARD 
DEPARTMENT OF TRANSPORTATION 
AIRCRAFT ACCIDENT REPORT 

Adopted: September 16, 1970 

Caribbean Atlantic Airlinest Inc. 
Douglas E-9-31, N938PR 
Harry S Truman Airport 

Charlotte Amalie, St. Thomas, Virgin Islands, 
August 12, 1969 

SYNOPSIS 

Caribbean Atlantic Airlines, Inc. (Caribair), Flight 340, a Douglas 
E-9-31, N938PR, was involved in a landing accident at 1409 A.s.t.*, on 
August 12, 1969, at Harry S Truman Airport, Charlotte Amalie, St. Thomas, 
Virgin Islands. The aircraft, on its landing rollout, continued 323 feet 
beyond the far end of Runway 9 ,  and came to rest in an automobile repair 
shop, after striking several vehicles. There were 114 passengers aboard 
and a crew of five. Evacuation of the aircraft was orderly, with one 
passenger sustaining minor injuries. Three occupants of the ground vehi- 
cles, which were struck by the aircraft after it left the runway, were 
seriously injured and one was slightly injured. 

The weather in the vicinity of the airport had been characterized 
by intermittent rain showers from early in the morning through the time 
of the accident, and a total of 2.74 inches of rain was recorded for the 
24-hour period. The existence of a considerable amount of standing water 
on the runway was corroborated by witnesses who stated that the aircraft 
was churning up heavy water spray on its rollout and did not appear to be 
decelerating very rapi dly . 

Near the end of the runway, the aircraft was observed to be fish- 
tailing which was accompanied by loud sounds of engine reversing and 
associated popping noises. White tire streaks, typical of those observed 
in cases of known hydroplaning, were observed in the last 1,400 feet of 
runway, leading; off the runway into the aircraft tire tracks in the wet, 
sodded area between the runway and the street. 

PROBABLE CAUSE 

The Board determines that the probable cause of this accident was 
the loss of effective braking action caused by dynamic hydroplaning of 
the landing gear wheels on a wet/flooded runway. Contributing factors 
were a higher-than-normal touchdown speed and the location of the airport 
and its topography which permitted excess levels of water to accumulate 
on the runway. 

* A l l  times used herein are Atlantic standard (A.s.t.) based on the 24-hour 
clock. 
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The Board has recommended t o  the  Federal Aviation Administration that 

The Virgin Is land Airport  
it conduct fur ther  research and s tudies  i n  order t o  develop more def ini-  
t i v e  w e t  runway c r i t e r i a  than current ly  ex is t s .  
Authority has had t h i s  runway grooved as a r e s u l t  of t h i s  accident and 
subsequent invest igat ive findings. 

1. INVESTIGATION 

1.1 History of the Fl ight  

Caribbean At lan t ic  Air l ines ,  Inc. (Caribair) ,  F l igh t  340, of August 
12, 1969, w a s  a regular ly  scheduled f l i g h t  or iginat ing i n  San Juan, 
Puerto Rico, wi th  a scheduled landing at St. Thomas, V. I., and re turn  t o  
San Juan. 
On A u g u s t  12, 1969, a t  1245, the f l i g h t  departed rout inely from San,Juan, 
Puerto Rico, on an Instrument F l igh t  Rules (IFR) f l i g h t  plan t o  St .  Thomas, 
V. I. 
340 f o r  an approach t o  Ibrry S Truman Airport, giving it the s t a t i o n  
al t imeter  s e t t i ng  of 29.91 inches and requesting that the  f l i g h t  report  
out of 5,000 and 4,000 fee t .  
asked Approach Control i f  it was raining a t  the  f i e l d .  Approach Control 
rep l ied  t h a t  there  w a s  presently a l i g h t  r a i n  shower and that the  runway 
w a s  wet. A t  1359, t he  f l i g h t  reported it w a s  south of the a i rpo r t  i n  
v isua l  f l i g h t  conditions and w a s  cancelling i t s  instrument f l i g h t  plan. 
The wind was given a t  t h i s  t i m e  as 160" a t  4 knots. A t  1401, t he  p i l o t  
s t a t ed  he w a s  going t o  hold southeast of the  f i e l d  a t  1,300 feet  t o  w a i t  
f o r  the  r a i n  showers t o  cleal? the  west end of the a i r p o r t  and approach 
path t o  Runway 9. 

The a i r c r a f t  used on t h i s  f l i g h t  w a s  a Douglas E-9-31, N938PR. 

A t  approximately 1354, S t .  Thomas Approach Control cleared F l ight  

On reporting out of 4,000 f ee t ,  the  crew 

A t  1407, t he  tower informed other t r a f f i c  that the  DC-9 was turning 
f i n a l  1 mile out and gave the  wind as 120" a t  5 knots. 

The crew reported that the  a i r c r a f t  had operated s a t i s f a c t o r i l y  u n t i l  
t he  t i m e  of the landing; copi lot  Gonzalez was controll ing the a i r c r a f t  a t  
the  t i m e  of the landing; the landing checkl is t  had been completed; the  
an t i sk id  brake system switch w a s  on; the landing f laps  were f u l l y  extended 
( 50" ); the  wing spoi le rs  were armed; t he  approach speed w a s  reference speed 
(124 knots indicated) plus 10 knots; and the i n i t i a l  touchdown was on the  
main landing gear, approximately 800 feet  from the approach end of t he  
runway. The cr'ew indicated that they could feel  the  wing spoi le r  deploy- 
ment as a r e s u l t  of t he  a i r c r a f t ' s  squatt ing on i t s  landing gear struts. 
However, appl icat ion of reverse t h r u s t  and pressure on the  brake pedals 
did not slow the  a i r c r a f t  as w a s  expected. Full reverse thrust, s t a t ed  by 
the  captain as 2.0 engine pressure r a t i o  (EPR), w a s  applied by the  copi lot  
with assis tance by the  captain. Furthermore, according t o  the  crew, 
addi t ional  pressure on the brakes by the  copilot ,  with assis tance by the  
captain, f a i l e d  t o  slow the  a i r c r a f t .  The crew continued appl icat ion of 
maximum avai lable  reverse t h r u s t  and pressure on the brake pedals u n t i l  
the  a i r c r a f t  came t o  rest. The f l i g h t  recorder tape indicated t h a t  the  
i n i t i a l  touchdown w a s  a t  135 knots indicated airspeed (KIAS). 
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The crew did not attempt t o  open the aft  fuselage stair exit .  With 
the exception of t he  copi lot  who used the  r i g h t  cockpit ex i t ,  a l l  per- 
sonnel on board evacuated the  a i r c r a f t  over t he  wings, using the  four 
overwing emergency ex i t s .  

Witness and crew statements varied considerably as t o  the  a i r c r a f t  
touchdown point, placing it somewhere between 800 and 1,800 f e e t  beyond 
the threshold of Runway 9.  
(FAA) cont ro l le r  s t a t e d  t h a t  he observed the  a i r c r a f t  touch down approxi- 
mately 1,800 feet from the approach end of Runway 9.  
by Caribair  and s i tua t ed  a t  the  Caribair  Terminal adjacent t o  the  runway, 
s t a t e d  that there  w a s  considerable water on the runway, and that a small 
twin-engine a i r c r a f t ,  which had landed j u s t  p r io r  t o  the  E-9, was  observed 
t o  have been almost engulfed by water spray. 

The l o c a l  Federal Aviation Administration 

Two witnesses, employed 

The a i r p o r t  f i r e  chief (who w a s  outside the  f i r e  department, located 
on the north side of Runway 9, approximately two-thirds of t h e  distance 
from the  approach end of the  runway) s a i d  that it was raining when the  E - 9  
landed, and observed that t he  a i r c r a f t  w a s  not decelerating after touchdown, 
which prompted the  "scramble" of emergency equipment. The f i r e  chief 
observed that water on the  runway, a t  an estimated depth of one-half of an 
inch, w a s  draining t o  the  north side.  The E-9  a l so  w a s  observed t o  be 
churning up considerable water spray and w a s  noted t o  be f i s h t a i l i n g  near 
the  far end of t he  runway. 
Some passengers reported t h a t  t he  landing seemed normal; t h a t  some r a i n  was 
fa l l i ng ;  that loud engine reversing noise and later engine popping sounds 
were heard; and t h a t  the a i r c r a f t  did not seem t o  be slowing down as fast 
w i n  other j e t  landings they had experienced. 
gmund witnesses s t a t e d  the a i r c r a f t  bounced after i n i t i a l  touchdown. 

Sounds of heavy engine reversing were heard. 

Several passengers and four  

1.2 In ju r i e s  t o  Persons 

I n  j u r i  e s - C r e w  Passengers Others 

F a t a l  0 0 
Serious 0 0 
Minor 0 1 
None 5 113 

0 
3 
1 

The most serious injury,  which resu l ted  i n  a subsequent l eg  amputa- 
t ion,  w a s  incurred by an occupant trapped i n  a damged automobile. 

1*3 Damage t o  Ai rc ra f t  

The a i r c r a f t  incurred subs tan t ia l  damage t o  the  nose landing gear, 
nose section, wings, and fuselage. 

1.4 Other Damage 

The a i r c r a f t  t o r e  out a 5O-foot sect ion of chain-link fence a t  the  
a i r p o r t  boundary. The ground vehicles struck by the  a i r c r a f t  sustained 
considerable damage, ranging from subs tan t ia l  t o  t o t a l  loss. The r epa i r  
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shop structure, into which the nose of the aircraft had penetrated, also 
was substantially damaged. 

1 .5  Crew Information 

The crew of Flight 340 was properly certificated and qualified to 
conduct the flight. (For detailed information concerning the crew, see 
Appendix B. ) 

1.6 Aircraft Information 

N938F'R, a Douglas E-9-31, Serial No. 47098, was manufactured in 
The total time on the aircraft was 4395:09 hours. April 1967. 

An examination of the maintenance records for N938PR disclosed that 
the aircraft had been maintained in accordance with Caribair and FAA 
procedures and regulations. 
and nonroutine items had received corrective action. The maintenance 
records on March 19, 1969, reflected two malfunctions of the antiskid 
brake system. 
taxi-out, although the pressure and fluid were "OKAY," antiskid switch 
"ON." However, with antiskid switch "OFF," brakes worked "OKAY." A new 
antiskid control box out of stock was installed, replacing antiskid con- 
trol box, Part No. 42-139-2A, Serial No. 409, but did not correct the 
problem. Another control box was then installed and this action was signed 
off as correcting the problem. The same discrepancy occurred on the next 
landing at St. Croix, when the brakes were again inoperative with the 
antiskid on. 
no further discrepancies of a similar nature reported. 
box S/N 409 was thus considered serviceable and was reinstalled in N938PR 
on the following day and operated satisfactorily during the ensuing period. 

Required inspections had been accomplished 

The first discrepancy noted that there were no brakes on 

At this time, relay P/N 9 74-3642 was replaced and there were 
The antiskid control 

N938PR was powered with two Pratt & Whitney Model JT8D-7 engines, both 
of which remained attached to the aircraft. 
of the engines, as well as crew and witness testimony, revealed no evidence 
of preaccident failure o r  malfunction. 

Disassembly and examination 

The maximum certificated landing weight for Ng38PR on a wet runway, 
with antiskid operating, at Harry S Truman Airport, St. Thomas, V. I., was 
94,400 pounds, requiring the full 5,150 feet of Runway 9. 
landing weight for N938pR at the time of the accident was 91,920 pounds, 
which requires a wet runway length of about 5,050 feet. 
center of gravity (c.g.) was 16 percent MAC, which was well within the 
certificated limits. 

The calculated 

The computed 

1.7 Meteorological Information 

1350 - 1,500 feet scattered clouds, estimated broken clouds at 6,000 
feet, high cirroform overcast, visibility 1 5  miles, very light 
rain showers, temperature 81'F., dew point 78'F., wind 120' at 
8 knots, altimeter 29.91. 

Remarks: rain showers of unknown intensity to the west and 
south of the field. 
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1415 - estimated 1,500 f e e t  broken cloud layer,  6,000 f e e t  broken 
cloud layer,  high cirroform overcast, v i s i b i l i t y  15  miles, 
ve ry l igh t  r a i n  showers, temperature 78"F., dew point 76"F., 
wind 320' a t  5 knots, a l t imeter  s e t t i ng  29.91. 

The 1415 observation w a s  taken as a result of  the accident. The 
weather i n  the v i c i n i t y  of the  a i r p o r t  had been characterized by r a in  
showers s ince ea r ly  i n  the  morning through the  time of the accident. 
There w a s  a t o t a l  of 2.74 inches of r a i n f a l l  measured a t  the  a i r p o r t  
during t h i s  24-hour period (0001 t o  2400 on August 12, 1970), with 1.41 
inches f a l l i n g  from 0800 t o  2000. 
average of 46 inches of r a i n  a year. All t he  reported weather observa- 
t i ons  (taken a t  10 minutes before the  hour) showed l i g h t  t o  moderate 
r a i n  odcurring throughout the day from 0650 t o  2250. There i s  no method 
avai lable  t o  tower personnel t o  measure amounts of standing water on the 
runway. 

Harry S Truman Airport receives an 

1.8 Aids t o  Navigation 

The Harry S Truman Airport  i s  served by a VOR ( O W )  range f a c i l i t y ,  
operating on a frequency of 108.6 MHz, with a commensurate instrument VOR 
approach procedure t o  the  a i rpo r t .  

1.9 Communications 

Communications between the  a i r c r a f t  and St. Thomas Approach Control 
and Tower were normal, with no indicat ion that there  were any d i f f icu l -  
t i e s  being experienced by N938PR. 

1.10 Aerodrome and Ground F a c i l i t i e s  

Harry S Truman Airport w a s  b u i l t  by U. S. N a v y  during World War I1 
i n  the ea r ly  f o r t i e s .  
a t  Charlotte Amalie f o r  municipal use i n  1948. The a i r p o r t  has one runway, 
or iented east and west, which consis ts  of an ungrooved bituminous-surfaced 
pavement and a 500-foot concrete extension, f o r  a t o t a l  length of 5,150 
f ee t .  The runway i s  200 f e e t  wide f o r  the f i r s t  4,650 f ee t ,  then narrows 
t o  a 100 feet i n  width f o r  t he  last 500 fee t ,  which abuts and extends the 
northern port ion of the 100-foot width. 
i n  t he  center f o r  drainage but does have a 1-percent transverse slopesouth 
t o  north. The Airport  Master Plan drawing (dtd.  11/27/68) shows the  run- 
way as having an elevation of 10.1 f e e t  a t  the  eas t  end, sloping t o  an 
elevat ion of 6.9 f e e t  near the middle, and ra i s ing  up t o  14.1 f e e t  a t  the  
western end. 
Charlotte Amalie on the  south shore of St. Thomas. This locat ion i s  
e s sen t i a l ly  the only s izable ,  low, f l a t  area on the  island, and it i s  
almost completely surrounded by higher ground on a l l  sides.  

The f a c i l i t y  w a s  turned over t o  the Port  Authority 

Runway 9 does not have a crown 

The a i r p o r t  i s  located about 2$ m i l e s  t o  the  west of 
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The VASI bars are located 550 f e e t  and 1,050 fee t ,  respectively,  from 
the approach end of the runway, giving a threshold crossing a l t i t u d e  of 
about 35 feet. The v isua l  aiming point i s  800 f e e t  down t h e  runway from 
the threshold. Based on a 2.5" glidepath angle, the  touchdown point f o r  
E - 9  a i r c r a f t  i s  between 400 t o  500 f e e t  from the runway threshold. A t  
a 2.5" angle, the  rate of descent i s  computed t o  be 545 f e e t  per minute 
a t  125 knots. Pr ior  t o  January 1970, the  St.  Thomas VASI system w a s  the  
property of the Virgin Is land Authority which operates the  Harry S Truman 
Airport. The ownership, operation, maintenance, l o g i s t i c  support, and 
operational respons ib i l i ty  has been t ransferred t o  the  FAA as of January 
18, 1970. 

St .  Thomas has a yearly temperature var ia t ion from 70" t o  8 9 " ~ .  
The yearly f luc tua t ion  of r e l a t i v e  humidity i s  from 64 t o  84 percent, and 
the average annual r a i n f a l l  i s  about 46 inches. 
elevation of approximately 11 f e e t  has been known t o  become inundated a f t e r  
heavy r a in fa l l s .  I n  1951, using the a i r s t r i p  as a catchment area, a drain- 
age col lect ion system w a s  constructed along the north s ide  of the runway. 
Also a t  t h i s  time, water treatment f a c i l i t i e s  were i n s t a l l e d  on the north 
s ide  of the a i r s t r i p  near the eas te r ly  end. Three other water catchment 
areas a r e  located i n  close proximity t o  the  a i rpor t .  
south of t he  a i rpor t ,  one near the control  tower and south of the eas te r ly  
runway extension. 
f ee t  north of the runway, opposite the control  tower. 

The a i rpo r t  s i t e ,  a t  an 

Two of  these a r e  

The t h i r d  catchment a rea  i s  located approximately 800 

The FAA ce r t i f i ca t ed  Caribair  t o  operate E-9-33 a i r c r a f t  i n t o  Harry 
S Truman Airport  u t i l i z i n g  the avai lable  runway. 
Truman Airport w a s  spec i f ied  as having an e f fec t ive  length of 5,150 f e e t  
and an e f fec t ive  width of  100 f e e t .  The FAA authorized Caribair  t o  land 
E-9-31 a i r c r a f t  on Runway 9 a t  98,100 pounds (maximum s t ruc tu ra l  l i m i t  
landing weight) with required e f fec t ive  dry runway length of 5,150 f e e t  
and a t  94,400 pounds with a required w e t  runway length of 5,150 f ee t .  
There i s  no def in i t ive  specif icat ion f o r  a w e t  runway; however, Advisory 
Circular AC121-12 does provide cer ta in  guidelines f o r  wet or sl ippery 
runways f o r  c e r t i f i c a t e  holders operating under FAR 121. 

Runway 9 a t  Harry S 

I n  the ce r t i f i ca t ion  of a i rplanes such as the E-9,  the FAA requires,  
under FAR 25, demonstration of the  horizontal  distances necessary t o  land 
and come t o  a complete stop from a point 50 f e e t  above the  landing surface 
a t  each weight, a l t i tude ,  and wind condition within the operational l i m i t s  
es tabl ished by the applicant f o r  the airplane.  These t e s t s  e s t ab l i sh  the  
landing f i e l d  length and speed performance data f o r  the approved airplane 
f l i g h t  manual required under FAR Part  121.195, "Landing Limitations : 
Destination Airports." This pa r t  states that the  ac tua l  landing distance 
from 50 f e e t  above runway threshold t o  touchdown, ro l lou t ,  and stop, must 
be within 60 percent of the  dest inat ion runway f i e l d  length under d r y  
runway conditions. 
115 percent of the dry runway f i e l d  length. 

The wet runway f i e l d  length i s  an empirical value of 

The airspeed f o r  the  above t e s t s  cannot be l e s s  than 1 . 3  times the  
s t a l l  speed ( V s o )  a t  the  50-foot point over the  threshold, and no reverse 
t h r u s t  can be used during t e s t s .  
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Applying the  f l i g h t  manual data f o r  t he  wet runway conditions a t  Harry 
S Truman A i q o r t ,  S t .  Thomas, the a i r c r a f t  should have stopped (with 1.3 
V s o  B 2 3  K I A g  a t  50 f e e t  above the  runway threshold) i n  3,030 feet from 
the  threshold of t he  runway, which allows f o r  a 1,000-foot touchdown point  
and 2,030 f e e t  stopping distance. However, the  recorded airspeed showed a 
higher indicated airspeed than 1.3 Vso a t  the 5O-foot point.  Adjusting the 
landing f i e l d  length data on the  chart  f o r  the higher airspeed (1.3 V s o  { 
10 knots), the  landing f i e l d  length required would have been 5,615 f e e t  and 
60 percent of t h i s ,  o r  stopping distance would have been 3,369 feet. Con- 
s ider ing t h a t  t h e  3,369 feet  includes the distances from 50 feet  above the  
runway t o  touchdown, then the ac tua l  ro l lou t  on the  ground would have been 
3,369 f e e t  minus about 1,000 fee t ,  o r  a t o t a l  ground stopping distance of 
2,369 fee t .  

1.11 Fl ight  Recorders 

a. Cockpit Voice Recorder (CVR) 

N938PR was equipped w i t h  a Collins Radio Model 642-C-1 cockpit voice 
recorder which w a s  recovered without damage and had been operating satis- 
f ac to r i ly .  A CVR t r ansc r ip t  w a s  prepared which encompasses the  cockpit 
conversation and radio communications during the  approach and landing 
ro l lou t .  A Spanish-to-English t rans la t ion  of the t r ansc r ip t  w a s  a l so  
necessary, s ince the grea te r  portion of the intracockpi t  communications 
was i n  Spanish. 

The t r ansc r ip t  r e f l ec t ed  considerable crew discussion about the r a i n  
showers just west of t he  a i rpo r t ,  and comments were a l so  made about a 
la rge  waterspout t o  the  west of t h e  island. 

The copi lot  was f ly ing  the  a i r c r a f t  and the captain w a s  ca l l i ng  out 
airspeeds and rates of descent during the approach. 
were turned on during the approach. 
"one two zero degrees a t  f i v e  knots" when the f l i g h t  w a s  l e s s  than a m i l e  
from touchdown. The sound of touchdown w a s  normal, and the  captain t o l d  
the  copi lot  t o  apply reverse thrust. 
coming on and, shor t ly  a f t e r ,  the copi lot  s t a t ed  that the  a i r c r a f t  w a s  
not stopping. The captain t o l d  h i m  t o  continue applying reverse thrust 
power, and an audible increase i n  reversing sounds w a s  heard. About 21 
seconds after touchdown, the  copi lo t  made a statement t o  t h e  e f f e c t  that 
they would not be ab le  t o  s top  on the  runway, which w a s  subsequently 
followed by impact noises. When the  a i r c r a f t  came t o  rest, sounds of the 
captain giving evacuation ins t ruc t ions  were heard and ceased abruptly as 
power was shut off  t o  t h e  recorder. 

The windshield wipers 
The tower transmitted the  wind as 

The sound of reverse t h r u s t  was  heard 

b. F l igh t  Recorder 

N938pR w a s  equipped with a Fa i rch i ld  f l i g h t  data recorder magazine, 
Model 5242, S/N 1916, which impresses on m e t a l .  f o i l  information concerning 
pressure a l t i t ude ,  indicated airspeed, magnetic heading, and v e r t i c a l  
accelerations.  It was  recovered from the af t  fuselage sect ion of the air- 
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c ra f t ,  without evidence of damage, on the day following the  accident. 

Preliminary examination of the recorded data revealed t h a t  t he  
a l t i t u d e  and indicated airspeed information did not correspond t o  the  
a l t i t u d e s  and speeds of the  a i r c r a f t .  
information on the  f l i g h t  recorder tape from N938PR, it w a s  necessary t h a t  
a new ca l ibra t ion  tape be made using known input  values from e lec t ronic  
t e s t  equipment. 

I n  order t o  be ab le  t o  u t i l i z e  the  

With the  implementation of the ref ined ca l ibra t ion  data, reduction 
of information from the  recorder 's  tape indicated t h a t  the touchdown speed 
was 135 KIAS, and t h a t  the heading w a s  090" magnetic. A t  t he  end of about 
25 seconds of t r a v e l  a f t e r  touchdown, the  a i r c r a f t  encountered a r a i sed  
concrete sidewalk located approximately 5 , 282 f e e t  from the landing end 
of Runway 9. 
accompanied by an abrupt 15" heading change t o  the  r igh t .  
3.5 seconds of t r ave l ,  the  a i r c r a f t  continued f o r  about 200 f e e t  down a 
paved s t r e e t ,  where it f i n a l l y  came t o  r e s t  a f t e r  penetrating a metal build- 
ing, on a heading of 060". 

A t  t h i s  time, the  indicated airspeed w a s  57 knots, which was 
During the last  

1.12 Wreckage 

The a i r c r a f t  w a s  i n t ac t .  Fuselage damage was  l imi ted  primarily t o  
damage t o  the  nose section, a f t  t o  about S ta t ion  218. The collapsing of 
the  nose gear caused some s t r u c t u r a l  damage t o  the  e lec t r ica l /e lec t ronic  
compartments. 
t he  r i g h t  wingtip w a s  to rn  of f ,  and the r igh t  wing r ea r  spar  was bent a f t  
s l i g h t l y  a t  the t i p .  

Both l e f t  and r i g h t  leading-edge wing devices were damaged, 

Both r i g h t  and l e f t  wing f l a p  damage w a s  l i gh t .  

The nose gear collapsed aft,  breaking drag and door l inks .  Both 

The r i g h t  main gear No. 3 t i r e  had deep cu ts  and was 
nose gear t i r e s  were damaged and the  wheels separated from the  ax le  a t  
the wheel hubs. 
deflated.  
as a r e s u l t  of t i r e  damage. 
and were or iented a t  an angle of 10" t o  15" a i r c r a f t  nose-left .  
of rubber reversion was found. 
follows: l e f t  nose gear 110 p . s . i . ,  r i g h t  nose gear deflated,  l e f t  out- 
board main 90 p.s . i . ,  l e f t  inboard main 130 p.s . i . ,  r i g h t  outboard main 
88 p.s.i. ,  and r i g h t  inboard main--blown; t i r e  pressure should have been 
i30 5 p .s . i .  

Other t i r e s ,  Nos. 1, 2, and 4, were i n t a c t  but var ied i n  pressure 

No evidence 
Skid patches were on the Nos. 1 and 2 t i r e s  

Tire pressures were checked and recorded as 

Both r i g h t  and l e f t  brake accumulator pressures were normal. The 
r i g h t  and l e f t  hydraulic reservoi rs  were normal. 
l o s s  from reservoirs  when the  f l a p  actuator  hydraulic f l u i d  l i n e s  were 
removed t o  permit f l a p  r e t r ac t ion  i n  order t o  prevent f u r t h e r  damage by 
ground equipment a t  the  wreckage s i t e .  ) 

(Note: t he re  w a s  f l u i d  

Examination of t he  last  1,400 f e e t  of the runway revealed white t i r e  
s t reaks,  t yp ica l  of hydroplaning, which were r e l a t ab le  t o  N938PR. 
l i g h t  marks could not be t raced  back f a r t h e r  than 1,400 f e e t  from the  
overrun end'of the  runway. 

The 
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No f i r e  occurred. 

1.14 Survival Aspects 

An order ly  evacuation of t he  a i r c r a f t  ensued after it came t o  rest, 
with a11 occupants except the first o f f i ce r  using the  four  over-the-wing 
emergency ex i t s .  
u t i l i z e d  i n  the evacuation. 

The r e a r  fuselage s ta i r  e x i t  w a s  operable but  w a s  not 

1.15 Tests and Research 

A t  the  request of the  Board, t he  a i r c r a f t  manufacturer calculated 
the stopping distance required from the  touchdown point f o r  a E-9-31 
under the conditions and a i r c r a f t  weight configuration t h a t  exis ted 
during the  landing of F l igh t  340 a t  Harry S Truman Airport .  
a l o s s  of e f fec t ive  braking (dynamic hydroplaning) and using a touchdown 
speed of 135 KIAS (taken from the  f l i g h t  recorder readout), t he  distance 
required t o  come t o  a f u l l  s top from the point  of touchdown, using 2.0 
EPR reverse with spoi le rs  operative (no e f f ec t ive  braking), w a s  calculated 
t o  be 4,403 f ee t .  FAA-certificated minimum runway length f o r  t h e  Caribair  
E-9-31 a i r c r a f t  under wet conditions, 91,920 pounds, f u l l  f laps ,  i s  5,050 
fee t ,  which allows f o r  a touchdown point of 1,000 feet down the  runway. 

Simulating 

Landing t e s t s  conducted by Eastern Air l ines  on a DC-9-31 type a i r c r a f t ,  
using only 1.6 EF'R reverse t h r u s t  and spoi lers ,  showed deceleration rates 
from about 130 KIAS t o  50 KLAS i n  25 seconds, with observed ground roll 
distances of about 4,000 fee t .  
weight than N938PR (91,920 lbs .  versus approximately 80,000 lbs .  ) 

These a i r c r a f t ,  however, were a t  a l i g h t e r  

National Aeronautics and Space Administration (NASA) Reports and FAA 
Advisory Circular No. 9-24 describe three known types of hydroplaning: 
dynamic hydroplaning, which occurs when there  i s  standing water i n  the 
runway surface; viscous hydroplaning, which occurs when the runway i s  
damp; and reverted rubber hydroplaning, which occurs where t h e  rubber of 
a t i r e  takes the appearance of i t s  o r ig ina l  uncured state, and i s  s t icky  
and tacky, because of heat generated by f r i c t i o n  between the  t i r e  foot-  
p r i n t  and a wet runway surface. It i s  in te res t ing  t o  note t h a t  once 
hydroplaning commences, it may p e r s i s t  down t o  speeds below the  l e v e l  
where hydroplaning may normally be expected t o  start. 

A t  t he  request of the Safety Board, NASA conducted runway s l ipperiness  
t e s t s  a t  Harry S Truman Airport  using i t s  diagonally-braked, instrumented 
automotive t e s t  vehicle 9. Results of t h i s  t e s t  disclosed an average w e t  

-Airport e levat ion sea leve l ,  temperature 78"F., runway gradient zero, 
wind calm, gross weight 91,920 pounds. 
Walter B. Horne, NASA, Langley Research Center, Hampton, Virginia, and 
Howard C. Sparks, U W ,  Wright-Patterson A i r  Force Base, Ohio -- New 
Methods f o r  Rating, Predicting, and Alleviating the Slipperiness of 
Airport  Runways -- Society of Automotive Engineers Paper No. 700265, 
Apr i l  1970. 



- 10 - 
( .02 t o  . O 3  inches of water) t o  dry stopping distance r a t i o  of 1 . 6 9 : ~  
Applying these f igures  t o  the  accident a i r c r a f t ,  w e  determine t h a t  the 
a i r c r a f t  should have stopped i n '  approximately 4,860 f e e t  from the 
threshold f o r  a wet runway. Applying f igures  from previous t e s t s  
conducted by NASA showing a wet-to-dry stopping r a t i o  of 2.21:l f o r  a 
flooded runway, it would have taken 5,860 f e e t  from the threshold t o  
stop. 

A ground check of t he  spoi lers ,  using the hydraulic hand pump i n  the  
wheel well, ve r i f i ed  normal spoi le r  operation and that the spoi le r  system 
was capable of normal operation by manual actuat ion of t h e  speed brake 
handle. An e l e c t r i c a l  bench check of spo i l e r  actuator,  wheel spin-up 
generators, and ground control  re lays  did not de tec t  any malfunction that 
would have prevented automatic spoi le r  operation. 

Using accumulator pressure, no power on, operation of brake pedals 
ve r i f i ed  normal braking capabi l i ty  fo r  a l l  four wheel brake systems. 
There w a s  no evidence of hydraulic f l u i d  leakage i n  the  braking system. 
Brake wear indicators  and t i r e  t r ead  depths were within minimum prescribed 
l i m i t s .  

E l ec t r i ca l  continuity and resis tance checks of the spoi le r  and an t i -  
sk id  e l e c t r i c a l  c i r c u i t s  disclosed no broken wires o r  miswiring that would 
a f f e c t  t h e i r  operation. Functional t e s t ing  of t he  spoi le r ,  brake, and 
an t i sk id  components under s t a t i c  and vibrat ion conditions revealed no 
malfunction o r  discrepancies that would prevent normal o r  an t i sk id  braking. 

P i t o t / s t a t i c  systems were checked f o r  leakage and water contamination 
The capta in ' s  and copi lo t ' s  airspeed indica- with no discrepancies noted. 

t o r s  were removed, bench-tested, and found t o  be within specif icat ions.  

2. ANALYSIS AND CONCLUSIONS 

2.1 Analysis 

N938PR had been maintained i n  an  airworthy condition and there  w a s  no 
malfunction of any of the a i r c r a f t ' s  s t ructure ,  systems, o r  components that 
contributed t o  the  accident. 

The crew w a s  ce r t i f i ca t ed  and qua l i f ied  i n  accordance with ex is t ing  
company and Federal Aviation Regulations. 

The crew of F l igh t  340 was provided with i n i t i a l  information of a w e t  

A t  1401, the f l i g h t  advised Approach Control 
runway and shower a c t i v i t y  by S t .  Thomas Approach Control when t h e  f l i g h t  
was cleared fo r  an approach. 
that it would hold southeast of  the  f i e l d  t o  w a i t  f o r  t h e  r a i n  showers t o  
c lear .  
t i r e  marks on the  runway t h a t  could be re la ted  t o  the  touchdown point of 
N938PR. 

Touchdown occurred a t  about 1409, but there  were no discernible  

The reduction of f l i g h t  information from the f l i g h t  recorder 

v m e n t  Grooving and Traction Studies - NASA SP-5073 - Conference 
Report - November 18-19, 1968. 
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indicated that touchdown speed w a s  135 KIAS. Following touchdown, the 
spoi le rs  were extended, wheel braking begun, and reverse t h r u s t  w a s  
i n i t i a t e d .  
severa l  passengers, and witnesses. 
c r a f t  as it progressed down the runway. Full reverse thrus t ,  which was 
reported by the captain as 2.0 Em, w a s  applied by the copi lot  with the 
capta in ' s  ass is tance.  
with assis tance by the  captain, fa i led  t o  slow the  a i r c r a f t  s ign i f i can t ly  
as it continued along the  runway. The crew continued appl icat ion of 
maximum avai lable  reverse t h r u s t  and pressure on the brake pedals u n t i l  
t he  a i r c r a f t  came t o  r e s t .  

However, a lack of decelerating forces  w a s  noted by the  crew, 
Heavy spray was thrown up by the  air-  

Additional pressure on the brakes by the copilot ,  

The f l i g h t  recorder t r a c e  showed la rge  aberrations of airspeed 
commencing a t  about 90 KIAS during the deceleration. 
f ac tua l  report  and data graph reflects a mean f a i r i n g  of these airspeed 
aberrations,  placing the airspeed on contact with the r a i sed  sidewalk a t  
80 KIAS. The Board, i n  i t s  fur ther  analysis of these aberrations,  believes 
t h a t  they were the r e s u l t  of pos i t ive  overpressures from the  reverse th rus t  
of t he  engines on the  f l i g h t  recorder p i t o t  tube mounted on the  v e r t i c a l  
f i n ,  and thus a curve through the minimum values of these aberrations would 
r e f l e c t  more accurately the  values of a i rspeed i n  t h i s  regime. This curve 
placed the  impact with the  r a i sed  sidewalk a t  about 57 KIAS. It should be 
noted that the airspeed values depicted by the f l i g h t  recorder, below 100 
KIAS, a re  generally not ca l ibra ted  and, because of the  nonl inear i ty  of the  
sensor i n  t h i s  speed regime, must be considered l e s s  accurate than those 
above 100 KIAS. 

The f l i g h t  recorder 

mme-distance calculat ions,  using incremental numerical in tegra t ion  
(Trapezoidal Rule) from 135 KIAS (touchdown) for a 25-second i n t e r v a l  t o  
57 KIAS (sidewalk impact) using a 4.3-knot headwind component, showed a 
groundroll of 4,392 f e e t  t o  impact with the  sidewalk. Using a distance 
of 5,383 f e e t  from the threshold of Runway 9 t o  the  sidewalk, t h i s  places 
the  i n i t i a l  touchdown point a t  about 991 feet  from t h e  threshold of t he  
runway. 

The FAA-approved a i r c r a f t  performance char t  indicates  t h a t  on a wet 
runway, gross weight 91,920 pounds, touchdown speed 124 KIAS, and zero 
wind, the  minimum required runway length f o r  landing i s  5,050 f ee t .  This 
i s  predicated on a touchdown point  of approximately 1,000 feet  from the 
approach end of the runway. 

Witnesses' statements varied considerably as t o  the  touchdown point -- 
placing it somewhere between 1,000 and 1,800 f e e t  down the  runway. 
FAA tower cont ro l le r ,  from his vantage point  i n  the tower, s t a t ed  t h a t  he 
observed the a i r c r a f t  touch down about 1,800 feet down the  runway. 
gers and ground witnesses a l s o  s t a t e d  that the  a i r c r a f t  bounced after 
i n i t i a l  touchdown, which the Board believes could have consumed approxi- 
mately 200 t o  300 f e e t  more of the runway before pos i t ive  deceleration 
measures could have been accomplished by the crew. 

The 

Passen- 
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The touchdown speed of 135 KIAS, depicted by the f l i g h t  recorder, 

becomes s ign i f i can t  w i t h  respect t o  the a i r c r a f t ' s  stopping distance, 
since k ine t i c  energy increases as a function of the  airspeed squared, the  
11 knots speed difference between reference speed and touchdown speed 
would have the  equivalent e f f e c t  of an increase i n  t o t a l  gross weight of 
approximately 16,000 lbs .  
way (without the use of reversing),  a weight increase of t h a t  magnitude 
would require  an addi t ional  runway distance of approximately 600 fee t .  

Under normal stopping conditions on a wet run- 

The Board believes that the  following sequence best  describes the 
events t h a t  occurred during the  landing of N938PR. 

The a i r c r a f t  touched down a t  135 KIAS (approximately 11 knots above 
specif ied)  a t  a point approximately 1,000 fee t  from t h e  approach end of 
t he  runway. Dynamic hydroplaning commenced almost immediately, w i t h  
deceleration of the  a i r c r a f t  being effected only by reverse th rus t  u n t i l  
a point  1,400 f e e t  from the overrun end of the runway w a s  reached at a 
speed of lo7 KIAS. A t  t h i s  point, the  white t i r e  s t reaks r e l a t ab le  t o  
the  t i r e s  of N938PR became v is ib le ,  most probably indicat ing a change 
from dynamic hydroplaning t o  a viscous type hydroplaning as the  a i r c r a f t  
t i res  broke through the  deep water film. The a i r c r a f t  proceeded on from 
t h i s  point, s t i l l  a t  a very low coef f ic ien t  of braking, decelerating t o  
57 KIAS as it passed through the  a i rpo r t  boundary chain-link fence, and 
impacting the r a i sed  sidewalk. 
down a paved s t r e e t  where it f i n a l l y  came t o  rest, a f t e r  penetrating a 
metal building, on a heading of 060". 

The a i r c r a f t  continued f o r  about 200 f e e t  

The Board w a s  unable t o  determine exact ly  how much water was standing 
on the  runway; however, it w a s  estimated t h a t  the water depth was well  i n  
excess of the amount necessary (1/10 of an inch) f o r  the i n i t i a t i o n  of  
dynamic hydroplaning. 
w a s  fu r the r  supported by witnesses who observed the  heavy spray thrown up 
by a s m a l l  a i r c r a f t  landing j u s t  p r io r  t o  N938H3, and by the a i rpo r t  f i r e  
chief who observed water estimated t o  be one-half of a n  inch deep on the  
runway, draining i n  the  direct ion of the transverse runway slope. Since 
the runway does have a 1-percent transverse drainage gradient (which meets 
the  FAA minimum i n  t h i s  regard),  t he  presence of  excess water can only be 
a t t r i bu ted  t o  loca l  t e r r a i n  features.  
runway had been used as a catchment area f o r  f r e sh  water, substant ia t ing 
the premise that the runway i s  par t icu lar ly  susceptible t o  r e l a t i v e l y  
la rge  amounts of- water during periods of ra in .  
concludes that  this aspect of the  a i r p o r t  design and environment was a l s o  
causally re la ted  t o  t h i s  accident. 

The existence of considerable water on the runway 

Indeed, the area north of the 

Accordingly, the Board 

The NASA t e s t s ,  as discussed i n  the fac tua l  portion of t h i s  report  
( see  Section 1.15, Tests and Research), essent ia l ly  confirmed t h a t  consid- 
erable water must have been present on the runway during the  accident 
landing, s ince the  measured wet/dry stopping distance r a t i o  of 1.69:l 
indicates  the  a i r c r a f t  could have stopped within the avai lable  runway 
even a t  the higher-than-normal touchdown speed. However, wi th  a wet-to- 
flooded condition (water i n  excess of .2 of an inch), a stopping distance 
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of 2.21t imes the  dry distance would have been required, which would have 
exceeded the  ava i lab le  runway length. 

2.2 Conclusions 

Findings 

1. The crew was qua l i f ied  and c e r t i f i c a t e d  i n  accordance with 
ex is t ing  company and FAA regulations.  

2. 
condition f o r  the  subject  f l i g h t .  Dispatch w a s  found t o  be i n  
accordance with proper procedures and the  dest inat ion landing weight 
w a s  w e l l  under maximum allowable f o r  a w e t  runway condition. 

The a i r c r a f t  was properly c e r t i f i c a t e d  and w a s  i n  an airworthy 

3. 
f l i g h t  delayed i t s  landing fo r  a f e w  minutes u n t i l  the  r a i n  shower 
was  c l ea r  of t h e  approach end of t he  runway. 

Upon a r r iv ing  i n  the  v i c i n i t y  of t he  Harry S Truman Airport, t he  

4. Witnesses, including FAA. tower personnel, stated t h a t  r a i n  showers 
had been occurring in te rmi t ten t ly  s ince ea r ly  i n  the  morning. The 
Weather Bureau recorded 2.74 inches of r a i n f a l l  during the  24-hour 
period. 

5. 
sh i e ld  wiper operation was c l ea r ly  audible on t h e  cockpit voice 
re cor der. 

Rain w a s  encountered by the  f l i g h t  on f inal  approach, and wind- 

6. Ground witnesses observing a l i g h t  twin-engine a i r c r a f t  landing 
shor t ly  before F l igh t  340 noted a heavy spray of water which almost 
engulfed the  a i r c r a f t .  These same witnesses a l s o  observed heavy 
water spray as the  E-9 landed. 

7. 
of an inch of water on the  runway as he proceeded t o  the  accident 
si te.  

The f i r e  chief estimated t h a t  there  was  approximately one-half 

8. 
verse gradient,  south t o  north. 

There i s  no crown on Runway 9-27, but  it has a l-percent t rans-  

9. The f l i g h t  recorder data indicates  that the  a i r c r a f t  touched 
down a t  a speed 11 knots faster than the spec i f i c  reference speed, 
which was 124 KIAS. 

10. The FAA ce r t i f i ca t ed  m r i b a i r  t o  operate E€!-9-31 a i r c r a f t  on 
Runway 9 ,  which has an e f fec t ive  length and width of 5,150 feet by 
100 feet. The minimum FAR w e t  runway required f o r  F l igh t  340 a t  
91,920 pounds gross weight w a s  5,050 feet. The computed stopping 
distance f o r  a E-9-31 i n  t h e  same configuration as Fl ight  340 on a 
w e t  runway, with a touchdown speed of 124 KIAS, i s  3,030 f e e t  from 
t h e  approach end of the runway. 
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11. The manufacturer's computer calculations f o r  a DC-9-31 a i r c r a f t  
i n  the same configuration as Fl ight  340 f o r  a condition where the 
runway braking coeff ic ient  i s  near zero (dynamic hydroplaning) show 
a stopping distance of 4,403 feet after touchdown, using maximum 
reverse t h r u s t  (2.0 EPR) and spoi le rs  only a t  the higher touchdown 
speed of 135 KIAS. The same calculations,  using a touchdown speed 
of 124 KIAS, show a stopping distance of 3,998 f e e t  a f t e r  touchdown. 
It should be noted, however, that these calculations do not take i n t o  
consideration any l o s s  of reverse th rus t  a t  the slower speeds r e su l t -  
ing from re in jes t ion  of the  exhaust gases in to  the  engines. 

12. A t  the landing weight and speed of the a i r c r a f t  a t  touchdown 
with the ex is t ing  runway conditions, the Board believes that more 
than the remaining useable runway length was necessary t o  stop the  
a i r c r a f t .  

13. 
the  a i r c r a f t  had decelerated t o  57 KIAS a t  a point 132 f e e t  off  the  
end of the runway, where the a i r c r a f t  h i t  a fence and s t r e e t  curb. 

Correlation of the  f l i g h t  recorder and voice recorder shows that 

14. No rubber reversion w a s  found on any of the t ires;  however, there  
w a s  a skid patch found on each of the l e f t  main landing gear t i r e s  a t  
an angle of l oo ,  -15" off centerline,  indicat ing a yaw t o  the  l e f t  
when t h i s  occurred. 

15. Examination of t he  last  1,400 f e e t  of the runway revealed white  
t i r e  streaks, r e l a t ab le  t o  N938PR, which were of the type frequently 
exhibited i n  known cases of hydroplaning. 

16. 
major d i f f i c u l t i e s .  

The passengers and crew evacuated from the a i r c r a f t  without 

Probable Cause 

The Board determines that the probable cause of t h i s  accident w a s  the 
l o s s  of effect ive braking ac t ion  caused by dynamic hydroplaning of the 
landing gear wheels on a wet/flooded runway. 
higher-than-normal touchdown speed and the  locat ion of t he  a i rpo r t  and i t s  
topography which permitted excess leve ls  of waJter t o  accumulate on the  
runway. 

Contributing f ac to r s  were a 

3. RECOMMENIM'IONS AND CORRECTIVE ACTIONS 

The Board considers that the landing l imitat ions,  as specif ied i n  

This requirement states e s sen t i a l ly  that the  ac tua l  landing 
Section 121.195 of the  Federal Aviation ReguLations f o r  dry runways, are 
adequate. 
distance, from a point 50 f e e t  above the  runway threshold t o  ro l lou t  and 
f u l l  stop, must be within 60 percent of the avai lable  runway. 

However, it i s  the  Board's opinion that the empirical ex t ra  15  per- 
cent of-runway presently allowed f o r  a wet runway condition i s  not adequate 
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for all wet or slippery runways since, in many instances, the wheel brakes 
are completely ineffective. It is interesting to note that for conditions 
attendant to this accident, according to the manufacturer's data, the 
aircraft could have been brought to a complete stop in 4,437 feet of run- 
way using only spoilers and maximum continuous reverse thrust from a normal 
touchdown speed of 124 KIAS (i.e., without brakes). Thus, allowing for a 
1,000-foot touchdown point and considering criteria based only on spoilers 
and reverse thrust, the wet runway requirement in this case would have 
been, theoretically, 122 percent of the FAR-required dry runway length 
(4,400 feet) or approximately 5,400 feet. In this case, therefore, the 
application of a weight limitation would have been necessary to conform 
with the 5,150 feet of runway available, if spoilers and reverse thrust 
were the only decelerative systems available. 

' 

In light of the above, the Board also examined stopping data for 
Boeing 727-100 aircraft using reverse thrust only. 
principle, this data would give wet runway criteria factors for B-727-100 
aircraft of 117 percent of the FAR-required dry landing field lengths at 
a landing weight of 100,000 pounds, ranging up to 130 percent at 135,000 
pounds maximum landing weight. 

Applying the above 

It is clear to the Board that more attention to the wet or slippery 
runway problem is needed by the entire aviation community to cope with 
this problem adequately. 
taken to minimize this problem, particularly in the areas of runway 
grooving, measurement of actual runway braking coefficients, and enforce- 
ment of the operators' responsibility to restrict operations into known 
hazardous runway conditions. However, the Board is concerned, since the 
problem becomes magnified with the advent of the high landing energy 
wide-body jets and consequent larger number of passengers exposed to this 
hazard. 

The Board is cognizant of actions now being 

In view of the foregoing, the Safety Board believes that the present 
criteria in Part 121 for determination of wet runway landing distances 
needs reevaluation. One possible method of determination might be based 
on stopping distances by the use of reverse thrust without credit for 
wheel braking. Another method was proposed by Messrs. Walter B. Horne 
of NASA and Howard C. Sparks, USAF, 'which was presented at the National 
Air Transportation Meeting in New York on April 20-23, 1970, and published 
in SAF: paper 700265 which involves new techniques for the measurement of 
runway slipperiness by utilizing a diagonally braked automobile. 

In regard to the latter, the Board has forwarded a letter to the 
Administrator recommending that the FAA evaluate this proposed NASA method 
for the measurement of runway slipperiness and compare results to the 
present FAR wet runway length requirements and consider the feasibility 
of incorporating the NASA traction test procedures in revised wet runway 
length requirements for air carrier operations. 
of Chairman's letter to the Administrator and the Administrator's reply. ) 

(See attachments for copy 
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A s  an immediate correct ive measure, t he  Virgin Islands Airport 

Authority has had the  runway grooved, which has reduced t h e  wet-to-dry 
runway stopping distances, f o r  t he  major portion of t he  runway, t o  near 
un i ty  (1.18:i) and f o r  the portions of t he  runway where t i r e  rubber i s  
impregnated from a value of 2.l7:l t o  l.7l:l. The Board believes t h a t  
t he  runway grooving program should be expedited and, when incorporated 
by the nat ion 's  air  c a r r i e r  a i rpor t s ,  it should subs tan t ia l ly  reduce 
the  overrun o r  off-runway type of hydroplaning/slippery runway accidents.  
A s  a possible look i n  the future ,  t h e  Board believes tha t ,  under i c e  and 
snow conditions, it might be qui te  feas ib le  t o  use an airport-owned 
diagonally-braked t e s t  vehicle t o  give ac tua l  day-by-day braking condi- 
t ions  fo r  a i r p o r t  runways which could be relayed t o  incoming f l i g h t s  
and/or dispatchers. 

BY THE NATIONAL TRANSPORTATION 

I s /  

/ S I  

I s /  

I s /  

I s /  

SAFETY BOARD: 

JOHN H. REED 
Chairman 

OSCAR M. LAUREL 
Member 

FRANCIS H. McADAMS 
Member 

LOUIS M e  THAYER 
Member 

I S A B E L  A. BURGESS 
Member 

September 16, 1970 



APPENDIX A 

1. Investigation 

The National Transportation Safety Board received notification 
of the accident about 1100 G.m.t., on August 13, 1969. 
were established by the Investigator-in-Charge for Operations/Witnesses, 
Structures/Systems, and Flight/Voice recorders. Parties to the investi- 
gation were Caribbean Atlantic Airlines, Inc., the Federal Aviation 
Administration, and Douglas Aircraft Company. 

Working groups 

The on-scene phase of the accident investigation lasted approximately 
4 days. 

2. Hearing 

No hearing was held on this accident. 

3. Preliminary Reports 

A preliminary factual report on the accident was released for public 
information on October 24, 1969. 



APPENDIX B 

Crew Information 

Captain Victor F. Arocho, aged 45, was employed by Caribair on 
December 6, 1956, and as captain-in-command of Flight 340, was occupy- 
ing the left seat. 
He held Airline Transport Pilot Certificate No. 44339, with type ratings 
on the Convair 240/340/400/600/640, E - 3  and E-9,  and commercial 
privileges in single-engine and multiengine land aircraft. He satisfac- 
torily passed his last examination for a Federal Aviation Administration 
(FAA) first-class medical certificate on July 31, 1969, with the limitation 
that he must wear corrective glasses for near vision. 

He was upgraded to captain on September 27, 1968. 

According to Caribair records, he had accumulated a total of 9,529 
flying hours. 
hours, of which 120 hours were acquired in the last 90 days prior to the 
accident. 
accident. 

Pilot time in the Douglas E-9-31 aircraft was 417:3O 

He had flown 4:12 hours in the last 24 hours prior to this 

On March 8, 1969, he satisfactorily passed a 6-month proficiency 
check in the Douglas E - 9  aircraft. Line checks in the E - 9  aircraft 
were satisfactorily accomplished on October 2, 1968, January 25, 1969, 
and m y  6, 1969. 

First Officer Gilbert0 A. Gonzalez, aged 29, was employed by Caribair 
on September 16, 1963, and held Commercial Pilot Certificate No. 1531084, 
with aircraft single-engine and multiengine land and instrument ratings. 
He also was an FAA-approved Douglas E - 9  ground instructor. He satisfac- 
torily passed an FAA first-class medical examination on November 27, 
1968, without limitations. 
accumulated a total of 3826:40 flying hours. 
was 881:40 hours, of which 124 hours were acquired in the last 90 days 
prior to the accident. 
prior to this accident. 
December 23, 1967, and his latest annual E - 9  check was satisfactorily 
accomplished on January 8, 1969. 

According to Caribair records, he had 
Pilot time in the E-9-31 

He had flown 4:06 hours in the last 24 hours 
Initial checkout in the E - 9  was accomplished on 

Miss Evelina Marrero Soto, Miss Juana Crespo de Heuertas, and M r .  
Pedro Zorilla were employed by Caribair on January 8, 1950, August 11, 
1964, and December 17, 1968, respectively, and were serving as flight 
attendants aboard Flight 340. 
plishment of initial and recurrent E-9  training. 

Their records showed satisfactory accom- 

On August 24, 1969, a post-accident flight check was given to both 
According to his the captain and first officer by an FAA check airman. 

statement, both pilots demonstrated satisfactorily that they were quali- 
fied and capable of performing their assigned duties in the E-9-31 
moael aircraft. 

At the time of the accident, the aircraft was configured to carry 
a, maximum of 115 passengers and a crew of seven. 



OFFICE O F  
THE CHAIRMAN 

At tachmen t 1 
DEPARTMENT OF T#ANSPQRTATION 

NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON. D.C. 20591 

A U ~ U S ~ :  31, 1970 

Honorable John H. Shaffer  
Administrator 
Fe der a1 Av i a% i on Adm i n  i s  t r a t i on 
Washington, D. C .  20590 

DeaT M r .  Shaffer: 

The National Transportation Safety Board i s  continuing i ts  
inves t iga t ion  of t h e  Caribai.r E - 9  overrun accident on August 12, 
1969, a t  Charlot te  Arilalie, St .  Th.omas, Virgin Is lands.  The Board 
is  increasingly Conceriied over t he  apparent increase i n  t h e  number 
of w e t  runway overrun accidents .  Another recent incident  occurred 
when ax A i r l i f t  In ternat ional  E-8-63 went off t h e  end of a 9,400- 
foot  w e t  runway a t  Houstoh In te rna t iona l  Aj-rport. 

011 May 14, 1970, t h e  Board w a s  br iefed by a representat ive of  
t he  National Aeronautics and Space Administration (NASA) on t h e i r  
j o i n t  USAF/NASA Combat Traction Program an3 w a s  highly impressL3.d by 
the  apparent cor re la t ion  of wet-to-dry braking dis tances  between tine 
t es t  vehic le  and various a i r c r a f t ,  The tes t s  shoxed differences i n  
runwzy s l ipper iness  under wet conditions and f o r  a v a r i e t y  of d i f -  
fe ren t  types of runways. Accordingly, t he  Safe ty  Board requested 
NASA t o  conduzt a runway s l ipper iness  evaluation of Houston Internat ional  
Airport  and Harry S Truman Airport  i n  St .  Thomas i n  order t o  c o r r e l a t e  
runway s l ipper iness  as a poss ib le  causal f ac to r  i n  t h e  aforementioned 
accident and incident.  
Adxinis t ra t j  on accepted o u r  i nv i t a t ion  t o  pa r t i c ipa t e  i n  both of these  
t e s t s .  

We were pleased t h a t  representat ives  of your. 

Them tes t s  did, ir,deed., show some very .i_nterestinE; resul ts .  
The runway a t  Houston wa.s t he  most sl iypery of  a l l  those previoxsly 
tes ted ,  with an avera.ge wet-to-&ry s’coppirig dis tance r a t i o  of 2.73:i. 
A X-8-63 landing a t  t h e  weightl of t h e  a l rcraf t  imolved  i n  the  Houston 
incident  would. have necded. a wet runway lenyGn, based. on NASA t e s t  
d.ata, considx-sb3.y g rea t e r  than t h a t  requi_rcd by t h s  current Federal 
Aviation Regulations. The tests a t  S t .  Tnonns also correla.ted very 
w e l l  w i t h  the I<nOW?. accident data. 
grooved, we were able  t o  obtain a d i r e c t  cornparison between grooved 
ayd. uagroovccl ruiiw;ly stoppirig capabi l i t i es .  

Since t h i s  runway has nox b e m  

The grooTJing of th5.s 



IIbnorable John H. Shaffer -2 - Augus t  31, 1970 

runway has dropped t h e  we-L-to-dry stoppjng ra t  i o  ( s l ipper iness  ra.tio) 
t o  near unity (1.1-8~1) f o r  a major port ion of t h e  runway. 

In vie:: of t he  above tests and othe* NASA t e s t  data,  t he  B o x d  
reco:nmeiids -I;hat t he  Fhll: 

I. Reevaluate t h e  adeqilacy of t he  wet runway stopping dis tance 
reyuirenents of t h e  Federal Aviation Regulations, and 

2. Consider t h e  f e a s i b i l i t y  of incorporating the  NASA t r ac t ion  
t e s t  procedure i n  revised we% runway length requirements 
f o r  a i r  camie r  and other appropriate av ia t ion  operations. 

Complete data  on t h e m  t e s t s  w i l l  be ava i lab le  from NASA short ly .  
A copy of  t he  data w i l l  be provided your  F l igh t  Standards staff as 
soon as possible ,  

Sincerely yours, 

V J o h  €I* Reed 
C ha irrnan 



DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

Attachment 2 

1 8 SEP 1970 

Honorable John H. Reed 
Chairman, National Transportation Safety Board 
Department of Transportation 
Washington, D. C. 20591 

Dear Mr. Chairman: 

OFFiCE OF 
THE ADMINISTRATOR 

This is in reply to your letter of 31 August 1970, regarding wet runway 
overrun accidents. 

The Federal Aviation Administration has been working with NASA, USAF, 
the air transport industry, and other agencies here and abroad to 
establish appropriate criteria and standards regarding wet runway 
traction and its application to aircraft stopping distances. Many 
approaches have been investigated. None of the vehicles tested produced 
data that could be correlated with aircraft stopping distance. 
NASA has been evaluating data obtained from a diagonally-braked vehicle 
which is showing excellent correlation with aircraft stopping distance. 
The FAA evaluated the use of a James Brake Decelerometer (JBD) to 
determine its application in computing aircraft stopping distances. 
Industry rejected a proposal to use the JBD system in a trial application 
due to the inability to correlate wet surface JBD stopping distances 
to aircraft stopping distances. 

Recently, 

We have been closely associated with NASA and are intimately familiar 
with all of their test activities and results therefrom, In fact, our 
latest contact with NASA on this matter was 25 and 26 August 1970 when 
our Runway Texture Committee visited NASA and was briefed on the latest 
data available. This included results from the NASA/USAF Combat Traction 
project and the tests and analyses conducted in conjunction with the 
St. Thomas and Houston accidents. 

We are actively working with NASA to conduct a series of tests on a jet 
transport aircraft with a dual-wheeled configuration main gear. Such 
data are required to fill a gap in the data that NASA has accumulated 
to date. In addition, we are closely following the work NASA is doing 
on wheel spin-up under hydroplaning conditions and correlation of rain 
rate with depth of water on a runway surface. 
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With regard to your recommendations, we propose to utilize the results 
of NASA tests with the diagonal-braked vehicle to: 

1. Reevaluate Federal Aviation Regulations wet runway stopping 
distance requirements. 

2. Establish the NASA traction test procedure, i.e., diagonal- 
braked vehicle, as an acceptable procedure for establishing runway 
characteristics under dry and wet conditions. 

The runway texture aspects, i.e., grooving and porous surfaces as 
tested and reported by NASA, are being considered for application in 
forthcoming airport certification rules. 

We will appreciate all of the information and assistance that your 
staff can provide us in this regard. 

Sincerely, 

A ing Administrator 7. Moore 


